TBP (TATA box-binding protein) participates in the expression of eukaryotic genes transcribed by RNA polymerases I, II, and III. Molecular cloning of human TBP revealed that the N-terminal region contains a polymorphic (CAG)~ repeat. We report here the direct localization of human TBP gene to chromosome 6q2705~qter region by fluorescence in situ hybridization, using the cDNA clone with or without the (CAG)~ repeat as a probe.
TBP (TATA box-binding protein), which was originally characterized as a TATA box-binding subunit of TFIID, plays an essential role in both basal and regulated transcription directed by RNA polymerases I, II, and IlI (Hernandez, 1993) . The N-terminal region of human TBP contains a characteristic primary structure: a stretch of glutamine residue, that is encoded by trinucleotide (CAG)n repeat (Q-Run) (Hoffmann et al., 1990) . This trinucleotide (CAG)n repeat was found to be polymorphic in the normal population by the study using PCR (Polymeropoulos et al., 1991) . Recently, the polymorphic (CAG)~ repeat and its unstable expansion have been found within the coding regions of the genes responsible for late onset neurodegenerative diseases, such as Huntington disease (HD), spinobulbar muscular atrophy (SBMA), spinocerebellar ataxia 1, 2 (SCA1, SCA2), and dentatorubral-pallidoluysian atrophy (DRPLA) (Sutherland and Richards, 1993; 422 F. SAITO et ai. Koide et al., 1994; Nagafuchi et al., 1994) . The corresponding uninterrupted (CAG)n repeat (Gin stretch) in each gene is shown to contain from 11 to 36 Gin residues in the normal population (Sutherland and Richards, 1993) . Since the N-terminal region of human TBP contains as many as 34 consecutive Gin residues, this region may also be subjected to unstable expansion, giving rise to a certain currently known disease, the locus of which has been mapped or not.
In the present study, we demonstrate the direct localization of the TBP gene to 6q2705-+qter by fluorescence in situ hybridization (FISH). The chromosomal location and its comparison with known loci will be discussed.
MATERIALS AND METHODS
Prometaphase chromosome preparations for high-resolution R-band analysis were obtained from peripheral lymphocyte cultures of healthy donors by the method of methotrexate (0.t ~M) or thymidine (300 >g/ml) synchronization followed by 5-bromo-2'-deoxyuridine (30 ~g/ml) incorporation (Takahashi et al., 1991) .
Two kinds of cDNA fragments were used as probes for FISH: one (1,258 bp) was prepared fi'om a clone H10 containing open reading frame encoding the entire human TBP (335 a. a.) (Hoffmann et al., 1990) , and the other (718 bp) was prepared from a clone M14 that is deleted the region corresponding to the N-terminal amino acid sequences ranging from the 2nd to 155th. Both DNA fragments were labeled by nick translation with biotin-16-dUTP (Boehringer Mannheim). Hybridization conditions were the same as described previously (Takahashi et al., 1991; Saito et al., 1994) . To detect efficiently the signals from the cDNA probes, the amplification procedure (Hori et al., 1990) was applied. The hybridization signals were detected by the same method as described previously (Saito et al., 1994) .
RESULTS AND DISCUSSION
To determine directly the chromosomal location of the human TBP gene using fluorescence in situ hybridization (FISH), we initially hybridized the biotinylated cDNA fragment containing the entire coding region of human TBP derived from H10 clone to the R-banded prometaphase chromosomes of healthy donors. A total of 39 doublet signals were observed, and 15 of them (38.5 ~) were exclusively detected on the terminal region of chromosome 6q, 6q27, more precisely on the distal half of the band 6q27 (Fig. 1, a and b) . The other signals were distributed randomly along the chromosomes, and there were no chromosome bands or subbands on which more than 2 fluorescent signals were localized. Although these findings suggest that the human TBP gene is located on chromosome 6q2705--,qter region, the following problem remains to be solved.
Since we used a cDNA fragment containing the entire coding region of human Fig. 1 . FISH of biotinylated cDNA fragments derived from H10 (a) and M14 (e and e), on human chromosomes, a, c, and e: FITC signals (arrows) detected on the chromosomes using a Nikon B-2A (a) or B-2E (e and e) filter, b, d, and f: Gbanding pattern on the same chromosomes as seen in a, e, and e, respectively, visualized using a Nikon UV-2A filter.
TBP as a probe, the possibility remains that the observed signals are due to hybridization of trinucleotide (CAG)n repeat in the TBP coding region to a similar repeat on unrelated chromosome DNA. Genes for some neurodegenerative diseases have been known to contain unstable CAG repeats and their chromosomal locations are: HD to 4p16.3, SCAI to 6p21.3-p21.2, DRPLA to 12p, SCA2 to 12q23-q24, MJD to 14q24.3-q32.1, and SBMA to Xcen-q22 (O'Brien, 1993; Koide et al., 1994) . On these chromosomal regions, doublet signals were scarcely detected. However, still any region or gene containing the (CAG)~ repeat structure may exist at the band 6q27.
To examine more concisely the above possibility, we prepared a cDNA fragment probe (M14) encoding only the C-terminal region of human TBP without any of the trinucleotide (CAG), repeat. Although the length of this cDNA fragment was as short as 718 bp, we could still detect weak F1TC signals through a B-2E filter on chromosome 6q27, with frequencies of 35 ~ (15/43) for single and 16 700 (12/73) for doublet spots (Fig. l, c-f ). Since the cDNA fragment encoding human TBP lacking the (CAG)~ repeat also gave signals on chromosome 6q27 as well as the cDNA fragment that contains the entire coding region did, we concluded that human TBP gene is unequivocally located on the chromosome region 6q2705~ F. SAITO et al. qter. The results of our direct mapping using FISH were in agreement with that of indirect mapping by somatic hybrid cell lines (Polymeropoulos et al., 1991) , and linkage analyses (Imbert et al., 1994) , and clearly demonstrated the localization of this gene to the more specified region of chromosome 6.
It is difficult at present to speculate whether there might exist any candidate disease associated with the repeat expansion mutation of the TBP gene. So far, 4 hereditary disease loci have been mapped to the 6@7 region: cone dystrophy 3, retinal (COD3, 6q27), coronary atherosclerosis premature, with high Lpa (LPA, 6@6-@7), thrombosis, recurrent dysplasminogenemic type (PLG, 6q26-q27) and Best's macular dystrophy, vitelline, type 2 (VMD2, 6q25-qter) (HGMll). Among these genes, the COD3 and VMD2 genes have neither been cloned nor characterized. On the other hand, there are two kinds of t-complex genes (TCP1 and TCP10), murine T-locus homologs, among others mapped on the same chromosomal band region as TBP gene (O'Brien, 1993) . Interestingly, the T gene in mice encodes a product with DNA binding activity which might control transcriptional regulation (Herrmann et aI., 1990; Kispert and Herrmann, 1993; Bollag et al., 1994) . This gene is likely to play a role in the development of all vertebrate organisms (Bollag et al., 1994) . Chromosome 6q27 might be one of the critical regions of human chromosomes, where the genes playing the essential role in proper embryonic development and cell differentiation are located.
